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Abstract
The use of 3D surface imaging technology is becoming increasingly common in craniofacial clinics and research
centers. Due to fast capture speeds and ease of use, 3D digital stereophotogrammetry is quickly becoming the
preferred facial surface imaging modality. These systems can serve as an unparalleled tool for craniofacial surgeons,
proving an objective digital archive of the patient’s face without exposure to radiation. Acquiring consistent high-
quality 3D facial captures requires planning and knowledge of the limitations of these devices. Currently, there are
few resources available to help new users of this technology with the challenges they will inevitably confront. To
address this deficit, this report will highlight a number of common issues that can interfere with the 3D capture
process and offer practical solutions to optimize image quality.
Introduction
Methods that allow for the objective assessment of facial
form are becoming increasingly important for research in
dysmorphology, genetics, orthodontics and surgical disci-
plines among others [1-8]. Such methods also have the
potential to enhance clinical care by facilitating surgical
planning, improving outcome assessment, and aiding in
syndrome delineation [8-13]. Non-contact 3D surface ima-
ging systems are rapidly replacing traditional “hands-on”
anthropometry as the preferred method for capturing
quantitative information about the facial soft-tissues
[14,15]. These systems offer a number of distinct advan-
tages: minimal invasiveness, quick capture speeds (often
under one second), and the ability to archive images for
subsequent analyses [16,17]. In addition, a number of
independent studies have demonstrated a high degree of
precision and accuracy across a wide variety of 3D surface
platforms [18-30]. The safety, speed and reliability of data
acquisition that these systems offer are particularly helpful
when working with young children, for whom quantifica-
tion of facial features can be challenging [31,32].
The most common class of 3D surface imaging system
is based on digital stereophotogrammetric technology.
These systems are capable of accurately reproducing the
surface geometry of the face, and map realistic color
and texture data onto the geometric shape resulting in a
lifelike rendering (Fig. 1). The mathematical and optical
engineering principles involved in the creation of 3D
photogrammetric surface images have been thoroughly
described [16,33-35]. The combination of fast acquisi-
tion speed and expanded surface coverage (up to 360
degrees) offer distinct advantages over older surface
imaging modalities like laser scanning.
With decreasing cost, 3D stereophotogrammetric ima-
ging systems are becoming increasingly common in clini-
cal and research settings [36,37]. With any new
technology, a number of factors must be considered in
order to achieve optimal performance. Though camera
manufacturers provide suggestions for device set up and
calibration, limited information is available on the practical
issues that will inevitably confront new users of this tech-
nology. However, such issues can adversely impact the
reliability of data collection, and consequently, influence
the clinical and research study results. In order to ensure
optimal interpretation of the study results, all aspects of
data collection should be rigorously evaluated [38].
This report will serve to highlight a number of com-
mon issues that can interfere with the 3D facial capture
process and will offer practical solutions and recommen-
dations to optimize image quality.
The Imaging Environment
Location and placement
When choosing a location to set up a 3D photogramme-
try system, the most essential consideration is space.* Correspondence: carrie.heike@seattlechildrens.org1Department of Pediatrics, University of Washington, Seattle, WA, USA
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The minimum space requirements for a given system
must account for the major components of the device,
which typically include the imaging hardware, a tripod
or other mounting system, a computer, a cart or table
for the computer and a seat for the subject (Figs. 2 and
3). The space must be adequate to accommodate: the
physical footprint of the assembled imaging system, the
computer that controls the imaging system, the subject
and requisite seating, and pathways for the operator to
move about unencumbered during the capture process.
Although practical concerns will often govern place-
ment, factors such as availability of a reliable power
source, access to internet and/or network ports, and the
flow of foot traffic through the space (particularly if the
system is in a public space) should be considered. It is
also helpful for the operator to be able to view the com-
puter screen during the capture process.
Ambient lighting
Different 3D photogrammetry systems have different
ambient lighting requirements, but office lighting condi-
tions (e.g. overhead fluorescents) are usually adequate.
The adverse influence of suboptimal lighting typically
occurs immediately preceding 3D capture, when the
cameras display real-time video which allows the opera-
tor to adjust the position of the subject for optimal cov-
erage. If the ambient light is too bright or dark, it may
overwhelm the camera’s sensors during this phase. Dur-
ing image capture, most systems are fairly robust to a
range of ambient lighting conditions because they
employ their own internal (or external) flash mechan-
isms [16]. However, excessive light may interfere with
the system’s flash units. This can occur when the system
is set up adjacent to a large window with direct sunlight.
If the system cannot be relocated, adjustable window
blinds or shades can minimize the effects of sunlight.
Installation options
Permanent installation may be an option for some 3D
systems. The advantages of permanent installation
include: reduced wear-and-tear on the equipment,
greater consistency in data collection and quality, and
time savings. However, if mobility is required or dedi-
cated space is not available, then the system may need
Figure 1 Example of a two-dimensional screen capture of a 3D facial surface model The capture is alternatively rendered to show the
underlying geometry, as well as color and texture information mapped onto the surface. Written consent for publication of this image was
obtained from the participant’s parent.
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to be assembled and disassembled as needed [16]. In
this scenario, protective casing can ensure that the sen-
sitive equipment can be stored and transported safely.
Hard cases equipped with customizable high-density
foam offer such protection.
Seating options
A variety of seating options will work well for most 3D
surface imaging environments. Two criteria to consider
include: (1) the ability to adjust the seat’s vertical height
to accommodate subjects of varying heights and (2)
back support to keep subjects in the correct posture.
For investigators using a 360-degree view system, it is
important to ensure that the chair’s back height does
not interfere with the image acquisition from rear cam-
eras. For systems where the subject must be positioned
to fit within a narrow imaging window, casters allow for
multidirectional mobility on most surfaces. Newer digi-
tal stereophotogrammetry systems have fast capture
speeds that obviate the need for head restraint.
Safety and security precautions
The 3D imaging environment presents some physical
obstacles to subjects and operators. The cables and
cords that connect the imaging components, particularly
cables that traverse areas of foot traffic, should be
bundled. Taping cables to the floor prevents tripping.
Tripod legs can also pose a tripping hazard. Allotting
enough room to provide an unobstructed route through
the imaging environment is essential for participant
safety and to avoid the need for recalibration if the cam-
era system is disrupted.
Maximizing Image Quality
Reducing artifacts
Most digital stereophotogrammetry systems have diffi-
culty capturing hair, which can result in a substantial
loss of surface data on the head and face (Figs. 4 and 5).
The forehead and the ears are the regions most vulner-
able to interference from scalp hair [16]. Pins, barrettes
and hairbands can be effective when used either alone
or in combination [24,39,40]. Snug fitting wig caps work
well; however, care must be taken to avoid placing
excess tension on the skin, which can alter the facial
surface [41]. Little can be done to mitigate the effects of
facial hair in men.
Surface regions in close proximity to reflective objects
(e.g. eyeglasses, earrings, necklaces) are another source
of image artifacts. Whenever possible, subjects should
remove glasses and jewelry [42,43]. Noserings and other
piercings may be too difficult to remove. Likewise, shiny
surfaces, primarily due to oily skin or cosmetics, can
Figure 2 Illustration showing example floor footprints for two different imaging set-ups (A) 360 degree image capture system for
imaging the entire head and face; (B) 160-180 degree image capture system designed to capture the face.
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create artifacts on images [15,28]. A light dusting of
powder around the nose, ear and forehead can reduce
shininess.
Removal of sweatshirts with hoods, and tucking in col-
lars and other clothing articles around the neckline facil-
itates adequate capture of the neck, mandible, and ear.
Achieving a “neutral” facial expression
For most applications, it is ideal to have subjects main-
tain a neutral facial expression during image capture
[43-47]. It is usually sufficient to instruct subjects to
relax their face. In addition to obvious signs of facial
tension (e.g., furrowed brows) or emotional expressions,
operators should pay attention to the subject’s mouth
and eyes [7,38,48]. An open mouth will artificially
extend the vertical height of the face and alter the posi-
tion of the mandible. To avoid this, the subject’s mouth
should be closed during capture, with the lips gently
pressed together. With the mouth closed, the natural
resting jaw position is sufficient in most cases; however,
some studies may require that the subject achieve a
relaxed dental occlusion [47,49,50]. If image capture of
the exocanthion (outer corner of the eye) and endo-
canthion (inner corner of the eye) are important, then
the subject’s eyes should be fully open during image
aquisition [29]. A visual target helps the subject to fix
their gaze in the optimal direction. A mirror may assist
participants with achieving the desired position and
expression [51]. For younger children, additional steps
may be required to achieve a neutral expression (dis-
cussed below) [24].
Ensuring optimal coverage
The most important facial regions to capture will vary
according the specific clinical or research question. The
imaging technology is usually the limiting factor in how
Figure 3 An example of a 3D stereophotogrammetry system (3dMDcranial™ System) in a clinical research setting The mechanical bed
offers a safe surface upon which to secure a booster seat, while allowing the photographer to adjust the participant to ensure an optimal
image capture.
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much surface data can be reliably captured in an image,
determined in part by the physical distance between the
cameras. A single standard frontal 3D capture of the
face will produce consistently reliable data from
approximately 160 to 180 degrees for many systems.
Even in systems capable of true 180-degree capture, ear-
to-ear coverage can be poor in a straight frontal capture,
particularly in a subject with a very broad upper face
[29]. Additional captures may be required (e.g., from the
subject’s side) to adequately capture both ears
[16,41,52]. Some modular systems can be expanded to
360-degree coverage [24]; however, this increases the
expense and footprint requirements.
The subnasal and submental regions are prone to data
loss and artifact. Proper head positioning can ensure
that these regions are visible to the imaging sensors.
Titling the subject’s head back a few degrees is often
sufficient to capture these regions (Fig. 6) [44,53,54].
Vertical adjustment may be necessary to ensure that the
subject’s entire face is in the imaging frame. This can be
accomplished with an adjustable chair and/or an adjus-
table tripod(s) [51]. If detailed assessment of the subna-
sal region is required (e.g., with an assessment of nostril
shape/asymmetry), the operator can ask the subject to
extend the neck and tilt the head back for additional
images [55].
Figure 4 Surface data loss due to the presence of excess facial hair Color and texture information have been removed from this 3D model.
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Figure 5 Example of inadequate surface coverage on the ear Poor ear coverage may occur due to the angle at which the participant was
facing relative to the cameras at the time of image capture (A and B), or due to interference from scalp hair (C and D). Due to the intricacy of
the external ear, detailed data beyond height and width may not be attainable for some individuals (E and F).
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Evaluating the results
Investigators can either preview images at the time of
image acquisition or obtain additional images to mini-
mize the possibility of missing data during image acqui-
sition. Reviewing 3D images for key features (Appendix
1) at the time of image capture requires immediate
image processing, which may take several minutes. If
problems are recognized while the participant is present,
then additional captures can be acquired at that time
[24].
It may not be feasible to review images at the time of
image acquisition, such as when working with large
groups. In this case, investigators can acquire multiple
images for each participant to maximize the likelihood
of obtaining adequate data coverage, and process the
images later for subsequent evaluation.
Working with various populations
Infants and young children
Working with young children can pose unique chal-
lenges [24,36,56,57]. First, it is essential to provide the
child and parent with a safe route to the seating area so
that they do not disrupt the pods. As toddlers and pre-
school children can be unpredictable, it is usually best
to ask the parents to hold them until they are securely
placed in the chair. The child’s anxiety about the equip-
ment is usually tempered by allowing the parent to sit
next to or with the child [24,36], so there must be room
for the adult to maneuver without disrupting the
equipment.
To maximize patient safety, we recommend that
infants and toddlers who are able to sit be placed in a
booster seat that is securely strapped to the adjustable
chair (ideally with a wide seat). Infants 5-10 months of
age who are able to sit with minimal support often do
well in a booster chair with moderate support. Infants
and toddlers 9 months-3 years of age who are able to
sit independently, can be placed in a regular booster
chair (Fig. 7). To ensure adequate safety, we recom-
mend that an adult stay near the child during image
acquisition.
An adjustable chair saves space and easily fits between
the pods; however, some infants and toddlers need to be
held by a parent to remain relaxed. Alternatively, a
mechanical platform (e.g. clinical exam table) works well
(Fig. 3) [40]. These beds are excellent for accommodat-
ing parents, and offer a secure seat for children of all
ages. However, a larger space is required.
Figure 6 Example of data loss in the subnasal and submental regions Poor resolution and data loss (A) may be minimized by tilting the
head back (B).
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Facial expressions may alter position of landmarks and
affect the reliability of facial measurements [57]. It is
natural for children to want to ‘smile for the camera’,
which may not be optimal. Older children can follow
instructions to keep neutral, relaxed face, with the
mouth shut and lips gently touching [58,59]. It may also
help to ask them to swallow and relax [29,60]. Younger
children often require distraction devices to focus their
attention in the preferred direction, and these devices
should not elicit facial expressions (e.g., laughter or a
surprised look). Such distraction devices include bub-
bles, toys with soft sounds and/or lights, or a children’s
video.
Wiping the noses and mouth areas of infants and tod-
dlers just prior to image capture can minimize reflection
from wet surfaces that create artifacts.
Individuals with special needs
The unique considerations for individuals with special
needs must be taken into account when developing a 3D
imaging protocol [41,61]. It should be anticipated, for
example, that some individuals may exhibit inattentive-
ness, may be overwhelmed by the appearance of the ima-
ging system, may be sensitive to wearing a wig cap, or may
be unable to maintain the facial expressions requested for
a given clinical or research study. These issues are likely to
be present to some degree when working with individuals
with mental health conditions [52]. Such factors can pre-
sent a unique set of challenges for quality image acquisi-
tion. It is important to be sensitive to the participant and
these potential issues. In these situations, the operator
should expect to take multiple repeated captures and fac-
tor in the extra time accordingly.
Figure 7 Seating options for infants and toddlers These may include booster seats securely strapped to adjustable chairs (A and B). The chair
backs have been modified to ensure safety (B). The height range for the chair can be enhanced by the use of additional supports (B).
Heike et al. Head & Face Medicine 2010, 6:18
http://www.head-face-med.com/content/6/1/18
Page 8 of 11
Large groups
When a large number of individuals need to be imaged
in rapid succession (e.g., on-site at medical conferences),
it can be challenging to maintain quality control, while
maximizing efficiency. Processing each surface can take
as long as five minutes, which may not be feasible under
field conditions. Therefore, many systems offer a “batch
processing” option to allow the operator to capture a
series of images rapidly. However, this requires the
operator to postpone the image processing step, so
inspection of the resulting 3D models while the partici-
pants are still present is often not as feasible.
Conclusion
3D surface imaging technology can serve as a powerful
tool to capture and quantify craniofacial morphology.
Acquiring high-quality 3D facial images requires meth-
ods to optimize the image capture process. Our goal
was to provide the reader with a review of the common
issues likely to confront users of this technology, refer
readers to additional studies which have acknowledged
these factors, and provide practical solutions. We sum-
marize some general recommendations to optimize 3D
facial image acquisition in Appendix 2. It is up to the
reader to determine the applicability of the aforemen-
tioned techniques to their specific research or clinical
question.
Appendix 1. Questions to consider when
reviewing 3D images
• Is the subject’s facial expression neutral?
• Is there evidence of unwanted motion in the
capture?
• Is there evidence of interference (i.e. scalp hair) or
artifacts that impact image quality?
• Is the image quality satisfactory?
• Is there adequate surface coverage for the targeted
facial regions for the clinical or research study?
Appendix 2. Summary of recommendations to
optimize image acquisition
• Select a space with ample room for unobstructed
flow and sufficient ambient lighting.
• Select seating that is appropriate for your popula-
tion and will facilitate rapid positioning. When
working with children, choose seating options that
allow for maximum flexibility and safety.
• Prior to image capture, reposition any scalp hair
that obscures relevant surface anatomy and remove
all reflective objects.
• Work with the subject to achieve a “neutral” facial
expression. If taking pre- and post-operative images,
ask the subject to repeat his/her expression.
• To maximize facial surface coverage, position the
patient’s head so that priority areas are visible to the
system’s cameras or consider acquiring additional
captures from alterative views.
• Consider batch processing when many images
must be taken in a limited amount of time.
Acknowledgements
The authors wish to thank Dr. John Kolar for his mentorship in the field of
craniofacial anthropometry and Dr. Anne Hing for her critical role in helping
us develop an imaging protocol for infants under 6 months of age. We also
thank Dr. Chung How Kau for his constructive comments for the manuscript.
Dr. Heike was supported by a T32 postdoctoral training grant (DE07132) and
a K23 award (DE017741) from the National Institute of Dental and
Craniofacial Research (NIDCR). Dr. Weinberg was supported by U01-
DE020078 from the NIDCR. This publication was made possible by CTSA
Grant Number 1 UL1 RR025014-01 from the National Center for Research
Resources (NCRR), a component of the National Institutes of Health (NIH). Its
contents are solely the responsibility of the authors and do not necessarily
represent the official view of NCRR or NIH
Author details
1Department of Pediatrics, University of Washington, Seattle, WA, USA.
2Children’s Craniofacial Center, Seattle Children’s Hospital, Seattle, WA, USA.
3Department of Epidemiology, University of Washington, Seattle, WA, USA.
4Center for Craniofacial and Dental Genetics, University of Pittsburgh,
Pittsburgh, PA, USA.
Authors’ contributions
CH and SW conceptualized the paper. CH, SW, KU and ES drafted and
edited the manuscript.
All authors have read and approved the final manuscript.
Authors’ information
CH is affiliated with the Department of Pediatrics at the University of
Washington, Seattle, WA. CH and ES are affiliated with the Children’s
Craniofacial Center at Seattle Children’s Hospital, Seattle, WA. KU is affiliated
with the Department of Epidemiology at the University of Washington. SW
has a primary appointment at the Center for Craniofacial and Dental
Genetics located within the Department of Oral Biology at the University of
Pittsburgh, Pittsburgh, PA. SM also has secondary appointments in the
Department of Anthropology and the Department of Orthodontics and
Dentofacial Orthopedics at the University of Pittsburgh.
Competing interests
The authors declare that they have no competing interests. The 3D images
illustrated in this review were created with imaging systems designed by
3dMD (Atlanta, GA). The authors of this work do not have any financial
disclosures or commercial associations with 3dMD or any other imaging
device/company that might pose or create a conflict of interest with the
information in this manuscript.
Received: 28 May 2010 Accepted: 28 July 2010 Published: 28 July 2010
References
1. Posnick JC, Farkas LG: The application of anthropometric surface
measurements in craniomaxillofacial surgery. Anthropometry of the Head
and Face New York: Raven PressFarkas LG 1994, 125-138.
2. Allanson JE: Objective techniques for craniofacial assessment: what are
the choices? Am J Med Genet 1997, 70:1-5.
3. Moss JP, Ismail SF, Hennessy RJ: Three-dimensional assessment of
treatment outcomes on the face. Orthod Craniofac Res 2003, 6(Suppl
1):126-131, discussion 179-82.
4. Aung SC: The role of laser surface imaging in the evaluation of
craniomaxillofacial disorders: the Singapore General Hospital experience.
Ann Acad Med Singapore 1999, 28:714-720.
Heike et al. Head & Face Medicine 2010, 6:18
http://www.head-face-med.com/content/6/1/18
Page 9 of 11
5. Lee JY, Han Q, Trotman CA: Three-dimensional facial imaging: accuracy
and considerations for clinical applications in orthodontics. Angle Orthod
2004, 74:587-593.
6. Toma AM, Zhurov A, Playle R, Richmond S: A three-dimensional look for
facial differences between males and females in a British-Caucasian
sample aged 151/2 years old. Orthod Craniofac Res 2008, 11:180-185.
7. Hajeer MY, Millett DT, Ayoub AF, Siebert JP: Applications of 3D imaging in
orthodontics: part I. J Orthod 2004, 31:62-70.
8. Marcus JR, Domeshek LF, Das R, Marshall S, Nightingale R, Stokes TH,
Mukundan S: Objective three-dimensional analysis of cranial
morphology. Eplasty 2008, 8:20.
9. Ayoub AF, Siebert P, Moos KF, Wray D, Urquhart C, Niblett TB: A vision-
based three-dimensional capture system for maxillofacial assessment
and surgical planning. Br J Oral Maxillofac Surg 1998, 36:353-357.
10. Da Silveira AC, Daw JL Jr, Kusnoto B, Evans C, Cohen M: Craniofacial
applications of three-dimensional laser surface scanning. J Craniofac Surg
2003, 14:449-456.
11. Hajeer MY, Ayoub AF, Millett DT: Three-dimensional assessment of facial
soft-tissue asymmetry before and after orthognathic surgery. Br J Oral
Maxillofac Surg 2004, 42:396-404.
12. Hammond P: The use of 3D face shape modeling in dysmorphology.
Arch Dis Child 2007, 92:1120-1126.
13. Kau CH, Richmond S, Incrapera A, English J, Xia JJ: Three-dimensional
surface acquisition systems for the study of facial morphology and their
application to maxillofacial surgery. Int J Med Robot 2007, 3:97-110.
14. Al-Omari I, Millett DT, Ayoub AF: Methods of assessment of cleft-related
facial deformity: a review. Cleft Palate Craniofac J 2005, 42:145-156.
15. Jacobs RA: Three-dimensional photography. Plast Reconstr Surg 2001,
107:276-277.
16. Lane C, Harrell W: Completing the 3-dimensional picture. Am J Orthod
Dentofacial Orthop 2008, 133:612-620.
17. Weinberg SM, Kolar JC: Three-dimensional surface imaging: limitations
and considerations from the anthropometric perspective. J Craniofac
Surg 2005, 16:847-851.
18. Ayoub A, Garrahy A, Hood C, White J, Bock M, Siebert JP, Spencer R, Ray A:
Validation of a vision-based, three-dimensional facial imaging system.
Cleft Palate Craniofac J 2003, 40:523-529.
19. Schwenzer-Zimmerer K, Haberstok J, Kovacs L, Boerner BI, Schwenzer N,
Juergens P, Zeihofer HF, Holberg C: 3D surface measurement for medical
application–technical comparison of two established industrial surface
scanning systems. J Med Syst 2008, 32:59-64.
20. Weinberg SM, Naidoo S, Govier DP, Martin RA, Kane AA, Marazita ML:
Anthropometric precision and accuracy of digital three-dimensional
photogrammetry: comparing the Genex and 3dMD imaging systems
with one another and with direct anthropometry. J Craniofac Surg 2006,
17:477-483.
21. Weinberg SM, Scott NM, Neiswanger K, Brandon CA, Marazita ML: Digital
three-dimensional photogrammetry: evaluation of anthropometric
precision and accuracy using a Genex 3D camera system. Cleft Palate
Craniofac J 2004, 41:507-518.
22. Winder RJ, Darvann TA, McKnight W, Magee JD, Ramsay-Baggs P: Technical
validation of the Di3D stereophotogrammetry surface imaging system.
Br J Oral Maxillofac Surg 2008, 46:33-37.
23. Wong JY, Oh AK, Ohta E, Hunt AT, Rogers GF, Mulliken JB, Deutsch CK:
Validity and reliability of craniofacial anthropometric measurement of
3D digital photogrammetric images. Cleft Palate Craniofac J 2008,
45:232-239.
24. Aldridge K, Boyadjiev SA, Capone GT, DeLeon VB, Richtsmeier JT: Precision
and error of three-dimensional phenotypic measures acquired from
3dMD photogrammetric images. Am J Med Genet A 2005, 138:247-253.
25. Kau CH, Richmond S, Zhurov AI, Knox J, Chestnutt I, Hartles F, Playle R:
Reliability of measuring facial morphology with a 3-dimensional laser
scanning system. Am J Orthod Dentofacial Orthop 2005, 128:424-430.
26. Khambay B, Nairn N, Bell A, Miller J, Bowman A, Ayoub AF: Validation and
reproducibility of a high-resolution three-dimensional facial imaging
system. Br J Oral Maxillofac Surg 2008, 46:27-32.
27. Krimmel M, Kluba S, Bacher M, Dietz K, Reinert S: Digital surface
photogrammetry for anthropometric analysis of the cleft infant face.
Cleft Palate Craniofac J 2006, 43:350-355.
28. Ghoddousi H, Edler R, Haers P, Wertheim D, Greenhill D: Comparison of
three methods of facial measurement. Int J Oral Maxillofac Surg 2007,
36:250-258.
29. Plooij JM, Swennen GR, Rangel FA, Maal TJ, Schutyser FA, Bronkhorst EM,
Kuijpers-Jagtman AM, Berge SJ: Evaluation of reproducibility and reliability
of 3D soft tissue analysis using 3D stereophotogrammetry. Int J Oral
Maxillofac Surg 2009, 38:267-273.
30. Ferrario VF, Sforza C, Poggio CE, Cova M, Tartaglia G: Preliminary
evaluation of an electromagnetic three-dimensional digitizer in facial
anthropometry. Cleft Palate Craniofac J 1998, 35:9-15.
31. Kolar J, Salter E: Craniofacial Anthropometry. Practical Measurement of the
Head and Face for Clinical, Surgical and Research Use Springfield: Charles C
Thomas 1997.
32. Farkas LG: Accuracy of anthropometric measurements: past, present, and
future. Cleft Palate Craniofac J 1996, 33:10-18, discussion 19-22.
33. Velkley DE, Oliver GD: Stereo-photogrammetry for the determination of
patient surface geometry. Med Phys 1979, 6:100-104.
34. Geng Z: Rainbow three-dimensional camera: new concept of high-speed
three-dimensional vision systems. Opt Eng 1996, 35:376-383.
35. Luhmann T, Robson S, Kyle S, Harley I: Close Range Photogrammetry:
Principles, Techniques and Applications Hoboken: John Wiley and Sons 2007.
36. Da Silveira AC, Martinez O, Da Silveira D, Daw JL, Cohen M: Three-
dimensional technology for documentation and record keeping for
patients with facial clefts. Clin Plast Surg 2004, 31:141-148.
37. Honrado CP, Larrabee WF: Update in three-dimensional imaging in facial
plastic surgery. Curr Opin Otolaryngol Head Neck Surg 2004, 12:327-331.
38. Ozsoy U, Demirel BM, Yildirim FB, Tosun O, Sarikcioglu L: Method selection
in craniofacial measurements: advantages and disadvantages of 3D
digitization method. J Craniomaxillofac Surg 2009, 37:285-290.
39. Aung SC, Ngim RC, Lee ST: Evaluation of the laser scanner as a surface
measuring tool and its accuracy compared with direct facial
anthropometric measurements. Br J Plast Surg 1995, 48:551-558.
40. Coward TJ, Watson RM, Scott BJ: Laser scanning for the identification of
repeatable landmarks of the ears and face. Br J Plast Surg 1997,
50:308-314.
41. Heike CL, Cunningham ML, Hing AV, Stuhaug E, Starr JR: Picture perfect?
Reliability of craniofacial anthropometry using 3D digital
stereophotogrammetry. Plast Reconstr Surg 2009, 124:1261-1272.
42. Baik HS, Jeon JM, Lee HJ: Facial soft-tissue analysis of Korean adults with
normal occlusion using a 3-dimensional laser scanner. Am J Orthod
Dentofacial Orthop 2007, 131:759-766.
43. Oh AK, Wong J, Ohta E, Rogers GF, Deutsch CK, Mulliken JB: Facial
asymmetry in unilateral coronal synostosis: long-term results after
fronto-orbital advancement. Plast Reconstr Surg 2008, 121:545-562.
44. Bush K, Antonyshyn O: Three-dimensional facial anthropometry using a
laser surface scanner: validation of the technique. Plast Reconstr Surg
1996, 98:226-235.
45. Ferrario VF, Sforza C, Tartaglia GM, Sozzi D, Caru A: Three-dimensional lip
morphometry in adults operated on for cleft lip and palate. Plast
Reconstr Surg 2003, 111:2149-2156.
46. Hammond P, Hutton TJ, Allanson JE, Campbell LE, Hennekam RC, Holden S,
Patton MA, Shaw A, Temple IK, Trotter M, Murphy KC, Winter RM: 3D
analysis of facial morphology. Am J Med Genet A 2004, 126:339-348.
47. Sforza C, Dellavia C, Colombo A, Serrao G, Ferrario VF: Nasal dimensions in
normal subjects: conventional anthropometry versus computerized
anthropometry. Am J Med Genet A 2004, 130:228-233.
48. Sawyer AR, See M, Nduka C: 3D stereophotogrammetry quantitative lip
analysis. Aesthetic Plast Surg 2009, 33:497-504.
49. Rangel FA, Maal TJ, Berge SJ, van Vlijmen OJ, Plooij JM, Schutyser F,
Kuijpers-Jagtman AM: Integration of digital dental casts in 3-dimensional
facial photographs. Am J Orthod Dentofacial Orthop 2008, 134:820-826.
50. Ferrario VF, Sforza C, Miani A, Serrao G: A three-dimensional evaluation of
human facial asymmetry. J Anat 1995, 186:103-110.
51. Kau CH, Cronin A, Durning P, Zhurov AI, Sandham A, Richmond S: A new
method for the 3D measurement of postoperative swelling following
orthognathic surgery. Orthod Craniofac Res 2006, 9:31-37.
52. Buckley PF, Dean D, Bookstein FL, Han S, Yerukhimovich M, Min KJ,
Singer B: A three-dimensional morphometric study of craniofacial shape
in schizophrenia. Am J Psychiatry 2005, 162:606-608.
Heike et al. Head & Face Medicine 2010, 6:18
http://www.head-face-med.com/content/6/1/18
Page 10 of 11
53. Cutting CB, McCarthy JG, Karron DB: Three-dimensional input of body
surface data using a laser light scanner. Ann Plast Surg 1988, 21:38-45.
54. Honrado CP, Lee S, Bloomquist DS, Larrabee WF: Quantitative assessment
of nasal changes after maxillomandibular surgery using a 3-dimensional
digital imaging system. Arch Facial Plast Surg 2006, 8:26-35.
55. Lee S: Three-dimensional photography and its application to facial
plastic surgery. Arch Facial Plast Surg 2004, 6:410-414.
56. Schwenzer-Zimmerer K, Chaitidis D, Berg-Boerner I, Krol Z, Kovacs L,
Schwenzer NF, Zimmerer S, Holberg C, Zeilhofer HF: Quantitative 3D soft
tissue analysis of symmetry prior to and after unilateral cleft lip repair
compared with non-cleft persons (performed in Cambodia). J
Craniomaxillofac Surg 2008, 36:431-438.
57. Kau CH, Zhurov A, Scheer R, Bouwman S, Richmond S: The feasibility of
measuring three-dimensional facial morphology in children. Orthod
Craniofac Res 2004, 7:198-204.
58. Duffy S, Noar JH, Evans RD, Sanders R: Three-dimensional analysis of the
child cleft face. Cleft Palate Craniofac J 2000, 37:137-144.
59. Mori A, Nakajima T, Kaneko T, Sakuma H, Aoki Y: Analysis of 109 Japanese
children’s lip and nose shapes using 3-dimensional digitizer. Br J Plast
Surg 2005, 58:318-329.
60. Kau CH, Zhurov A, Bibb R, Hunter L, Richmond S: The investigation of the
changing facial appearance of identical twins employing a three-
dimensional laser imaging system. Orthod Craniofac Res 2005, 8:85-90.
61. Sforza C, Dellavia C, Dolci C, Donetti E, Ferrario VF: A quantitative three-
dimensional assessment of abnormal variations in the facial soft tissues
of individuals with Down syndrome. Cleft Palate Craniofac J 2005,
42:410-416.
doi:10.1186/1746-160X-6-18
Cite this article as: Heike et al.: 3D digital stereophotogrammetry: a
practical guide to facial image acquisition. Head & Face Medicine 2010
6:18.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Heike et al. Head & Face Medicine 2010, 6:18
http://www.head-face-med.com/content/6/1/18
Page 11 of 11
